ABSTRACT
Introduction
Databases are a core area of study in undergraduate and postgraduate courses concerned with computer science and information systems, and at least an optional module on other data-intensive areas of study. Also, by the standards of computer science, this is a mature and established area -the core theory, i.e., that of relational databases [4] , is now over three decades old. In this paper, we reflect on our experiences of delivering a databases design course at Sheffield University and discuss some of the issues and problems that have beset us, relating to teaching, learning and assessment. In particular, we discuss the tensions that we have experienced when delivering a module to a mixed group presenting a diversity of backgrounds, ranging from the technologically sophisticated to the ICT-naïve. This situation makes life difficult for those who facilitate learning, since they must walk the tightrope between superficiality and technological impenetrability.
The Sheffield Database Design Module
In the first part of this paper we provide an overview of the "Database Design" module offered by the Department of Information Studies at the University of Sheffield. We do not put this forward as an exemplar, or something radically different to practice at other universities. However, there are some innovative aspects in our curriculum design and assessment resulting from reflective practice for a number of years. Also, there are specific features that reflect the particular situation at Sheffield. We believe that those involved in database teaching in higher education (HE) will find much that is familiar and hence empathise with the discussion in the second part of the paper, of problems we are encountering and the approaches we have taken to tackle these, with varying degrees of success.
The Students
The Database Design module is offered to undergraduates, master's students and as a research training programme module. It attracts up to 200 students, mainly from master's programmes in Information Systems and Information Management, dual honours undergraduate courses (together with the Management School) and a single honours Information Management course. This module is distinct from one offered by the Department of Computer Science, in which a more traditional and theoretical computer science approach to the subject is taken. Consequently, computer science students are not allowed to take this module.
Aims
The aim of this module is a practical one, i.e., "to consider the role of database design within the organisation and to provide an appreciation of the rigorous methods that are needed to analyse, develop and maintain database systems, using current and emerging database technologies." Accordingly, the learning objectives concern understanding and practical skills in the area of database design, i.e., "to introduce the general concept of database systems and the database approach; to introduce the various methodologies and methodological approaches appropriate to the subject area; and to provide an opportunity to gain practical experience in some of the database design and implementation methodologies and techniques".
The Structure
This one-semester module carries 20 credits for undergraduates and 15 credits for postgraduates, in conformance with university policy. Sheffield University works to the ratio that one credit equates to ten hours of study, so we expect the average undergraduate and postgraduate, respectively, to put in 200 and 150 hours of study.
The module is taught using 12 two-hour formal lectures, supplemented by practical sessions, and individual and group-based practical project work. Postgraduate students are offered tutorial support for the coursework. Undergraduate students also take a formal exam, and are offered tutorial support for both coursework and exam.
The topics covered by the module include: database systems and the database approach; theory and concepts of relational databases; relational database design methodology; including requirements analysis, conceptual data design, logical data design, normalisation and physical design; Web databases; distributed and multidatabases; object-oriented and object-relational database design. The lecture programme varies from year to year, to reflect teaching staff expertise, current research within the department, pressures from students and their prospective employers, developments in the area. and changes to the products used in practical work. We also have to respond to constant pressures to adjust to meet strictures of teaching quality in order to satisfy QAA requirements.
Assessment
The assessment of undergraduates differs to that of postgraduates, to reflect differing requirements and depth of study. Both complete a group coursework, based upon a case study. This assessment task involves the full development life cycle of a database, from the analysis through to the implementation and testing. However, within this framework, only postgraduate students are required to complete an individual component, but undergraduates are also required to sit a formal examination. The exam is designed to individually test their competence with database design methods applied to simple scenarios, and also their critical understanding of the area, including emerging database technologies. Students are given a choice of database tools with which to implement their practical work, i.e., either using Access (desk-top database) or Oracle and TOAD (client-server).
Pedagogical Rationale
In order to justify the above database module design it is important to consider the pedagogical rationale behind it. The first difficulty is defining academic learning. In general terms it can be seen as a series of activities that promote acquisition of high-level knowledge [13] . However, the acquisition of inert and abstract concepts is futile if the learner lacks the understanding needed to apply them in appropriate settings (e.g., decontextualised definitions, models and even query algorithms). [12] suggests that academic learning must:
• be situated in the domain of the objective, the activities must match that domain; • contain both direct experience of the world, and the reflection on that experience that will produce the intended way of representing it.
This view of learning implies the rejection of the classical tradition of transferring some body of knowledge in the form of unchangeable and authoritarian ideas, concepts or definitions to the learner. These concepts are considered external to the learner and received by her/him through a process of communication which focuses on behaviour and its modifications, rather than on cognitive or mental processes that facilitate learning (e.g. constructing, reflecting or planning). Objectivist theories of learning embody a strongly individualistic concept of learning, in the sense that the individual behaviour is modified due to the presentation of stimuli from the learning environment. Objectivism embodies a model of the learner as a solitary striver for understanding [8] and acquisition of knowledge as an abstract Platonic form [12] . This type of teaching and learning has been translated by HE institutions into what we call today "lectures". This classic configuration, which prevails today, consists of an academic delivering a lecture to a passive classroom of learners following the well-known "sage in the stage" paradigm. This method of delivery remains generally unchanged.
However, academic learning should be much more than a mere process of passive reception and acquisition of knowledge. The way learners handle knowledge is what really concerns academics [12] . Knowledge has a contextualised character, which means that it cannot be separated from the situations in which it is used. When learning occurs in isolation it remains inert, that is, the learner has the information available in memory, but never recognises when it is relevant [3] . Acquisition of concepts is of no use if the learner cannot apply those concepts and transfer her/his knowledge across different settings. Thus, academic learning involves the acquisition of high-level skills of critical thinking and problem solving in addition to the gathering of facts and concepts.
This broader view of learning is not a new concept. At the same time as Skinner was proposing and demonstrating his ideas, John Dewey was developing a very different philosophy of education that is now known as the constructivist approach. Dewey described learning as an active individual process, not something done to someone, but rather something that a person does [10] . He coined the concept of "learning by doing", where learning takes place within the context of a whole experience in which the learner is completely engaged, and results from the combination of acting and reflecting on the consequences (reflective experience and reflective thinking). Therefore, learning should be in general a continuous process of reflective experience in which a person is actively constructing her/his own view of the world.
Nevertheless, HE lecturers and academics are constrained by a number of practical limitations intrinsic to the educational system we have inherited. Academic life is divided into semesters; courses are divided into modules, modules into units, and units into learning activities. Modern education aims at uniformity of standards and curricula. Lecturers have to operate within these parameters, cope with increasing numbers of students in classes, administrative processes of assessment and student progress monitoring and comply with institutional and national policies. Furthermore, they need to foster their professional careers in institutions that increasingly devote a disproportionate weight to research in comparison to teaching. Finally, and in great contrast with what happens in Secondary Education, it is not unusual that lecturers at HE have no formal training in teaching and learning. Therefore, it is not surprising that teaching and learning methods at Universities are still predominantly based on a lecturing approach. Historically, HE has always been taught through what is termed as "traditional" lecture-based education.
This method of delivery remains generally unchanged. However, significant change has taken place with the advent of information and communication technology (ICT). It is apparent, from the pace of change that has already taken place, that we will be seeing what might be an exponential acceleration in this ICT-related teaching and learning.
Consequently, our course design aims at complementing traditional lecture-based approaches with a collaborative and active learning processes based on groupwork. These groupwork activities are based on an authentic case study that is developed by the students during the semester and facilitated by small-group tutorials led by teaching assistants.
Issues and Problems
We now reflect on issues we have encountered over the seven years in which this course has been delivered. Specifically, we discuss matching the syllabus, delivery and assessment to the pedagogical rationale described above, the types of students that we have to satisfy, and at the same time, satisfying rigours of the academic system, the accreditation system by different professional bodies and, of course, the QAA. In particular, we consider reactions of prototypical students to the course, and on how to complement and support traditional on-campus teaching. Our discussion is supported by anecdotal evidence emerging from student feedback, and interspersed with illustrative quotations from the student feedback forms. The forms are part of the formal teaching quality mechanisms in place in the Department of Information Studies, and are filled in by student for each module and programme at the end of each semester. The quotes selected in this paper reflect practice over seven years.
The heterogeneous nature of the student group makes it difficult to characterise the cohort, so, in order to give the flavour of our experience we offer the following prototypical (and probably unfair) characterisations of what we consider to be typical but problematic students: Student X has graduated in computer engineering from one of her countries top universities, with an average of over 80%, and is currently taking a technical pathway of a conversion masters in Information Systems. She is adapting to an unfamiliar educational system in which students are assessed on the quality of an argument, rather than producing the "correct answer". Consequently, she demands frequent individual tutoring sessions to determine if she has produced the "correct answer". Student Y is a mature home student, with a first class degree in arts, and a track record in senior management. Consequently, he has high, possibly unrealistic, expectations, which often come across as abrasiveness and arrogance.
Student Z is a high achiever in social sciences subjects, but fairly illiterate in terms of ICT. Thus, the student has to cope personally with high anxiety levels due to inability to realise what the student believe is his potential.
Students A and B are undergraduates. They characterise the two extremes we observe, "I want a first" and "I couldn't care less".
The Module Content
The database design module content (see http://dagda.shef.ac.uk/resources/postgrad/inf6050/i ndex.htm) is generally unremarkable, since it resembles many other courses offered in similar institutions. However, the detail and the manner in which it is delivered inevitably reflect idiosyncrasies of the environment within which it is being delivered, the compromises we had to take, and the fruit of our reflective practice.
We first note that the database subject has become too big to be covered adequately, particularly within the context of a one-semester module. A glance at the literature illustrates this. For example, the third edition of the textbook by Connolly and Begg [1] has 1,236 pages, which is not untypical. This is very much an undergraduate treatment with introductions to, rather than intensive treatment of, the many branches of the subject. This reflects the problem that databases have evolved through three generations, but this is not a progression where one generation supersedes another. Rather it is a cascade, where the new generation operates alongside previous ones, and older ones form a substantial body of legacy.
Specifically, the evolution started with the prehistoric generation zero, i.e., files. The first generation of databases, dating from the 1960s, comprised linked record systems with navigational record-oriented application programming interfaces (API), in particular those based on hierarchical and network data models. Edgar Codd [4] was responsible for the second generation, i.e., relational databases [5] , though it took a decade and a half before relational products had sufficient functionality and performance to meet requirements for non-trivial large-scale databases. Consequently, relational databases complemented, rather than replaced first generation products. Thus, the subject got larger. However, the introduction of relational databases into the syllabus brought with it an important element, a formal model of databases which provided a basis for query languages, design theory, optimisation, etc. and also academic respectability for the subject. Consequently, teaching databases had to embrace formal methods. The third generation, which comprises object and object relational databases, emerged in the mid-1980s [6] . Again, there was a protracted research and development period, and the third generation complemented, rather than replaced, preceding generations. At the turn of the millennium, object-relational databases became the industrial standard, in the form of the most recent version of SQL, but object databases have yet to achieve significant penetration. We do not have a tangible fourth generation, though the area of databases is undergoing a significant shift in focus. This is mainly brought about by two developments. Firstly, increased speed and capacity of low-cost hardware, coupled with extensible type systems of third generation databases, make multimedia applications commonplace and with seamlessly integration into data models and technology, thus enormously increasing the scope of database applications. The second development was the emergence of a low-cost global infrastructure for information and computational resources, i.e., the Web. Consequently, the area has embraced Webenabled database technology [7] and issues relating to the applications that exploit the potential this provides. These include integration or aggregation of distributed heterogeneous information sources, analysis of this data (including OLAP and data mining) and the management of the semi-structured data that populates the Web.
Thus, we see a general pattern of an emerging generation taking 15 years of research and development, followed by 10 years as the mainstream technology, followed by an extended period as a legacy technology. A consequence is the concurrent use of a range of database technologies, all of which are candidate for inclusion in a syllabus. Furthermore, the long lead-time for emerging technology has resulted in academe often being out of synchronisation with practice. Also, a disproportionate time has often been spent anticipating developments, which have never had a major impact in practice.
So how does the above situation impact on the module design? Given the above accumulation of diverse subject matter, there are a number of other forces that drive the content of a syllabus, namely, academic perceptions, student beliefs and industry needs. The following subsections respectively focus on each of these.
Academic requirements and perceptions
From an academic perspective the database subject has three strata -theory, technology that delivers the theory in a practical way, and application. However, the core and grounding for the subject is the theory. Consequently, academic research has also provided a parallel and sometimes complementary evolution of the area through the development of database theory. In some cases this has led to mainstream database technologies, for example, relational databases. However, much theoretical database research has had very little uptake or impact for actual products and applications. This research has been motivated by a search for data models based upon theoretical paradigms which are believed to have greater potential, and which provide formal explanation, analysis and elaboration of the basis for database technologies. Examples are applications of logic and functional formalisms to create databases with reasoning capabilities.
Courses on databases, particularly advanced modules, often focus on these developments and extensively worked theoretical foundations, rather than the pragmatic approaches of actual products and applications. In practice, this approach treats the database subject primarily as a subset of theoretical computer science. This is consistent with the discipline of computer science, in which much study concerns formal (mathematical) models as generic problem solving frameworks, and also seeks execution models such that they can be effectively implemented for that purpose.
Students' beliefs and attitudes
Though the academic perception that the database subject is mostly based upon formal models and theoretical conceptions and views, this creates a tension and credibility gap with our students and their prospective employers. This is because many students are motivated primarily by three concerns: (i) to pass the module (possibly with a distinction); (ii) to get a job at the end of the course; and (iii) to gain useful practical knowledge and skills. This is particularly true for students on a conversion course, who are undergoing rapid and intense retraining in a new area, possibly with some knowledge and experience of the working environment. This is where education and training clash, and consequently where the course prepared by the academic can fail to meet students' expectations.
For example, third generation databases became tangible in the mid-1980s through the introduction of object-oriented databases, but object-relational databases have only become part of mainstream practice since the start of the 2000s, whereas object databases have yet to make a significant impact. Thus, thought the module has covered the third generation for a number of years to provide student with a conceptual awareness of what is emerging in the area, students have often perceived this part of the course as difficult and not useful.
Industry needs and requirements
Changing circumstances are pushing HE institutions to develop innovations in teaching and learning in order to respond to increasing demands from both society and industry [2] ; [17] , [15] . Industry, in particular, is increasingly requesting more flexible and self-confident professionals with skills in communication, problem analysis and problem solving, planning and networking, and long-life learning [9] , [16] . The role of HE is therefore becoming much wider and more complex, encompassing not only transference of subject specific knowledge, but mainly the capability of applying those skills in the context of specific field or industry sectors [15] .
Studies have demonstrated that results of current education are disappointing to the expectations of employers [14] ; [11] . Graduates are not being empowered with all the skills required to be competitive in their professional careers. These studies mainly point to deficiencies shown in the lack of transferable skills by current educational system. Furthermore, students also want a job at the end of the course.
Consequently, training in the technologies and standards of their chosen area is of crucial importance to them. For instance, students on the MSc in Chemoinformatics, require skills with Oracle, the standard for the chemical industry. This, in turn, necessitates understanding associated technical aspects, such as client-server architecture, object relational concepts, database administration, and optimisation. However, for many other students, Oracle is an expensive and overcomplex system, and what they require are practical skills in low cost desktop software, usually MS Access. For such students, technical challenges presented by the complexities of a client-server system, such as Oracle, are unwelcome.
Further, where students are focussed on career prospects, the credibility of those facilitating the learning, and of the software, applications and skills, becomes particularly important.
Discussion of Content
We now discuss problems associated with an oversized and complex subject, and the tension between academic imperatives, students' aspirations and industry expectations.
Our first general observation is.
• Too much to cover, too little time…The module core must cover the relational model and conventional design approaches, but in addition, it is better to cover a little thoroughly, and simply indicate the wider scope that exists. It is a mistake to try to be comprehensive, in depth.
"The module is too difficult and subject matter too large […] The coursework involved more hours work than was ever remotely reasonable. I am utterly frustrated by the coursework and course" (20-1997/1998)
The academic requirements are important, since we are in the business of education, rather than training. However, the presentation of a theoretical core, in a manner that is accessible to our students, presents problems for both students and those who facilitate the learning.
• You can't please all of the people…Given the student mix with which we have to cope, it is impossible to deliver an educationally sound module, with adequate coverage of the subject, that is also of practical use to individual students, and which pleases all students. The fact that some students end up unhappy with the module does not mean it is not a good module.
For example, one Information Management student required specific content at the periphery of the "standard" database syllabus:
"As a librarian, I would like to have in this module some aspects concerning bibliographic databases" (20-1998/1999) Similarly, the following comment from an Information Systems student expresses frustration at the lack of technical coverage.
"Very dull. Not enough emphasis on practicalities of useful technologies such as OO (object-oriented) databases. Too much dwelling on old technology." (2-1998/1999)
However, Information Systems students range from those with technical aspirations, to those with a social science leaning, as illustrated by the following contrasting opinion:
"The last 3 lectures (on object and objectrelational databases) were not helpful for newcomers. Too technical. Too Computer Science orientated." (74-2003/2003)
We also note that our students often come from disciplines that require neither mathematical skills nor the ability to explicitly conceptualise a situation as a formal model. The former lies at the heart of database theory, and the latter at the heart of database technology and application. Thus, each year, we can anticipate that many very bright students will find the subject difficult, and react in various, sometime unconstructive, ways.
The following three observations sum up some of the problems relating to the preceding discussion.
• The subject is harder for some than for others … In particular, some very bright students will struggle with conceptual modelling and/or technical aspects of database design tasks, which other less bright but more technically minded students will consider trivial.
For example, one high achiever showed an element of personal frustration:
"Not so difficult as it seemed, but still with more time, results could have been improved." (69 -2001/2002)
Whereas another felt to have been "thrown in at the deep end".
"The reading list books were very difficult to read. I have felt slightly out of depth in database design -and tutorials may have been helpful." (3 -2000/2001)
• Mathematics can be an instant barrier to learning… Where mathematical notations are used, it is also necessary to spend time explaining standard mathematical notations, e.g., that a sigma means "sum of". We have found that we cannot take anything for granted, re, mathematical understanding.
Our next observation reflects our experiences of the potential problems of taking very bright students, and placing them side by side with others who are possibly less academically able, but who have better background and aptitude for the subject. This has the potential for tensions between those who facilitate the learning and students, and also between students.
• Struggling high-achievers can mean trouble… A student who fails to get a first because of difficulties with conceptual modelling will often blame the course, not themselves, and yet aptitude is often an important factor of achieving within a subject. Further, the strictures of QAA quite correctly require capture of and response to student feedback, but this can also acts as a "metaphorical megaphone" to individual complaints.
For instance, the following quotes provide two example, where the students' difficulty with the subject degenerate into personal vendettas against teaching staff:
"Excellent module, and very well organised. However, when X was lecturing I was staying at home. This guy makes you forget what you already know." (65 -2000/2001)
"Wrong teaching method (learn by practising) inexperienced lecturer not well prepared before the lecture, lots of mistakes, but he tries." (1996/1997) The fact that the module is presented to a mixed class of both undergraduate and postgraduate students presents particular problem that we have to address. They differ in many ways, including educational background, maturity, professional experience, expectations, and academic perspectives.
• Undergraduates and Postgraduate only mix if they are continuously stirred… In general undergraduates and postgraduates may be mutually antagonistic and not necessarily synergetic.
For example, students may put learning problems down to the different pre-modules study undertaken. (5 -1998/1999 ).
Furthermore, as discussed above, students' expectations and goals, not only impact on their perception of the course, but also on the staff and the technology used.
• Lecturing staff credibility is a challenge for some students…In the eyes of the students there are two forms of credibility, academic and professional. Students require both.
• Students want to be exposed to real database tools, but often these are too complex to be exposed to students …Also, that which is available is often not ideal or up to date. For example, our experience has been that Oracle Designer is too complex for teaching purposes, but TOAD is also far from perfect.
Finally, given the size of the subject and the diversity of students, there is one clear conclusion we can draw, concerning supporting textbooks.
• The best database textbook has not yet been written but is almost out of date… The subject is too big and fast moving, and the requirements of students are too varied.
Discussion of Assessment
In order to provide the necessary contextualization of theory and encourage active learning, the assessment of the module is mainly through groupwork. This is expected to provide students with a number of additional transferable skills, such as problem solving, teamwork, report writing and basic consultancy skills, and thus respond to the above mentioned industry demands. The design of the assignments and their assessment has undergone yearly review, as part our policy of reflective practice, and in response to student feedback and changing requirements. However, we make a number of general observations.
• Group work is always a crisis waiting to happen… Whether groups are self-selecting or assigned by the lecturer, a fundamental problem is the lack of leadership with authority within the group, the lack of senior/skilled members with a training brief, let alone the potential for personality clash, non-co-operation and members who do not contribute.
A stark illustration of this type of problem is provided as follows:
"Groupwork was impossible -meglomaniac team member was impossible to work with and having the prototype on her account made it even worse." (66-2001/2002) However, we are dealing with human nature in a sometime ruthlessly competitive environment, where students have very different levels of motivation and backgrounds. Therefore, we have to cope as best we can! • The size of group and the complexity of the task are never correct …We have varied the size over the years, and also varied the complexity of the assignment to match the group size, but it is in the nature of students never to be happy.
• Assessment of group work is inherently unfair…Group marks will often depress the marks of able students and inflate those of weak students. A way to counter this is peer assessment within each group. However, this is divisive and students are reluctant to mark a student down, except in extreme circumstances. Also, even though guidelines are provided, these are never sufficiently prescriptive. Thus group marks can be an obstacle to both distinctions and failures. (15 -1998/1999) Our response to the above comments, and also to the strictures of QAA, was to introduce an individually assessed component, which lead to the following observation.
• Introducing individual assessment will cause further dissatisfaction…Our experience has been that by introducing individual assessment, we have increased the level of stress on individual students and the number of failures. Further, given the range of students previously discussed, those failures are sometimes students with high marks in other modules. However, the introduction of an individual component mirrors more closely what is done in IS consultancy groups in industry, therefore providing students with a more authentic learning experience.
We look forward to the student feedback, subsequent to this change, with keen anticipation.
Discussion of Support
Two types of support are provided during the module. Practical sessions initially provide students with knowledge and skills relating to utilising specific DBMS products, i.e., Access, ORACLE and TOAD. These are supported by worksheets and teaching assistants. Later, practical sessions provide surgery advice for the coursework prototyping exercise. Small group tutorials provide support on the theoretical aspects of the case study. In addition, undergraduates are given tutorials to prepare them for the exam.
Our reflections on this aspect are as follows:
• Tutorial and workshop support is inadequate by definition…Given the large class size, and complexity of the subject matter there is always a demand from students for additional support and guidance. There is a clear tension between adequate support for this module, spoon feeding, and having a life in a research lead department.
This situation is clear in the students' comments, of which the following are typical: However, and in confirmation of some of the constructivist evangelists, it is our experience that peer-to-peer support interaction and social negotiation is one of the most effective support mechanisms in the course. This is mostly done through collaboration in coursework groups.
"We did not find the help at the database practicals very helpful -we normally solved problems ourselves or shared tips with other groups." (15-1998/1999l "Taught section of the module was interesting in theoretical terms. Practical sessions were easy to follow but did not prepare you for work required for the group project (in which I learn a hell of a lot more). Group project was VERY time consuming" (1-1997/1998) 
Why do we still do it?
After the somewhat depressing notes in the preceding discussions, one has to ask oneself, have we got things badly wrong? Fortunately, students also provide an answer to this question. (3-11-200/2001) 
Conclusions
In this paper we have reflected on our practice of teaching a database design course to a mixed body of students in a research-led non-computer science department. In such a department, with a policy towards research led teaching, syllabi and delivery tend to directly reflect and tap into the research expertise of the lecturers involved. Sometimes, the syllabi clash with students' expectations and capabilities as well as industry demands. Therefore the process of teaching and learning needs to be an experiential learning one based on reflective practice.
It is a fact of life that students will not always appreciate the effort of the teaching and learning team. However, this reflective practice is the only way of keeping the syllabi up-to-date, maintaining the academics' link with reality, and providing appropriate support to the increasing diversity of students.
